Daughters of depressed mothers are at significantly elevated risk for developing a depressive disorder themselves. We have little understanding, however, of the specific factors that contribute to this risk. The ability to regulate negative affect effectively is critical to emotional and physical health and may play an important role in influencing risk for depression. We examined whether never-disordered daughters whose mothers have experienced recurrent episodes of depression during their daughters' lifetime differ from never-disordered daughters of never-disordered mothers in their patterns of neural activation during a negative mood induction and during automatic mood regulation. Sad mood was induced in daughters through the use of film clips; daughters then recalled positive autobiographical memories, a procedure shown previously to repair negative affect. During the mood induction, high-risk girls exhibited greater activation than did low-risk daughters in brain areas that have frequently been implicated in the experience of negative affect, including the amygdala and ventrolateral prefrontal cortex. In contrast, during automatic mood regulation, low-risk daughters exhibited greater activation than did their high-risk counterparts in brain areas that have frequently been associated with top-down regulation of emotion, including the dorsolateral prefrontal cortex and dorsal anterior cingulate cortex. These findings indicate that girls at high and low risk for depression differ in their patterns of neural activation both while experiencing, and while repairing negative affect, and suggest that anomalies in neural functioning precede the onset of a depressive episode.
Given the high personal and societal costs associated with Major Depressive Disorder (MDD), efforts to identify vulnerability factors for the onset of this disorder are particularly pressing. In this context, having parents who have experienced MDD is associated with a three-to fivefold increase in the risk to the offspring for developing a depressive episode during adolescence (Hammen, 2009) . In particular, maternal depression has been found to be associated with an earlier onset and more severe course of depression in the offspring (Lieb, Isensee, Hoefler, Pfister, & Wittchen, 2002) . The mechanisms underlying this risk, however, are not well understood. In this context, sustained negative affect is a hallmark feature of depression. Thus, individual differences in the ability to regulate and effectively respond to negative affect may play a critical role in influencing risk for this disorder (Campbell-Sills & Barlow, 2007; Joormann, Yoon, & Siemer, 2010) . The construct of emotion regulation has received considerable attention in the developmental literature; indeed, adaptive self-regulation of negative affect is generally regarded as a key developmental task in childhood and adolescence (Cole, Martin, & Dennis, 2004; Eisenberg & Morris, 2002) . Although it is not yet clear how difficulties in emotion regulation develop over time, numerous studies have linked risk for depression to impaired emotion regulation in children, adolescents, and adults, and have discussed the potential adverse impact of parental depression on this important ability (Goodman, 2007; Goodman & Gotlib, 1999; Kovacs, Joormann, & Gotlib, 2008) . It is now clear that the responses that enable children and adolescents to modulate distress emerge relatively early in life and are affected by a complex set of psychosocial variables that interact with the children's innate neurobiology; it is also apparent that learning mechanisms, as well as interactions with caregivers, shape the acquisition of these responses (e.g., Morris et al., 2007) . Thus, in the present study we focus on emotion regulation in the offspring of depressed mothers as a risk factor for the development of depression in later life.
An increasing number of studies have examined the neural bases of emotional responding and of efforts to consciously regulate negative emotions in response to aversive stimuli such as disgusting pictures and shocks (Beauregard, Levesque, & Bourgouin, 2001; Eippert, Veit, Weiskopf, Erb, Birbaumer & Anders, 2007; however, have examined these processes in clinically depressed individuals (Johnstone, van Reekum, Urry, Kalin, & Davidson, 2007) or in the offspring of depressed individuals. In the present study we examine neural activation during emotion generation and regulation in adolescent daughters of mothers with a history of depressive episodes.
Investigators have generally used self-report questionnaires to assess the frequency of use of emotion regulation strategies such as suppression and reappraisal (Campbell-Sills, Barlow, Brown, & Hofmann, 2006; Garnefski & Kraji, 2006; Garnefski & Kraji, 2007; Gross & John, 2003; Ehring, Fischer, Schnuelle, Boesterling, & Tuschen-Caffier, 2008) ; few researchers have examined whether depression is associated with a reduced effectiveness of specific strategies. One noteworthy exception is research examining the use of positive recall to repair negative affect. A number of studies have now demonstrated that people retrieve pleasant thoughts and memories to regulate unpleasant moods (e.g., Josephson, Singer, & Salovey, 1996) . In this context, it is important to note that there are at least two broad but distinct classes of affect regulation processes. One class reduces negative affect by generating thoughts and appraisals that directly alter the perceptions of the situation that elicited the emotion or the experience of the negative affect (e.g., reappraisal). This form of emotion regulation is effortful and strategic. In contrast, a different type of regulation alleviates negative affect less directly by strengthening moodincongruent (e.g., positive) thoughts and associations and by evoking competing affective states. This form of emotion regulation is frequently referred to as automatic (Mauss, Bunge, & Gross, 2007) . Importantly, two recent studies that used a mood-repair task to investigate more automatic aspects of emotion regulation found that dysphoric participants, currently depressed participants, and participants with a history of depressive episodes but who are not currently depressed differ from control participants in their ability to effectively use recall of positive memories to repair their mood (Joormann & Siemer, 2004; Joormann, Siemer, & Gotlib, 2007) . Even though depressed participants did not differ from nondepressed participants in the positivity of the memories they recalled, recalling these memories did not repair their negative mood. Indeed, the use of positive recall may be particularly critical to understanding depression because it involves the processing of idiosyncratic and, therefore, highly self-relevant material (Kross, Davidson, Weber, & Ochsner, 2009 ). In the current study, we examined the neural correlates of this automatic emotion regulation process in adolescents at high familial risk for depression.
Investigators examining the neural correlates of sad mood states have reported activations in the medial prefrontal cortex (MPFC), medial temporal lobes, anterior cingulate cortex (ACC), the insula, and the amygdala (Phan, Wager, Taylor, & Liberzon, 2002) . The few studies that have assessed the neural substrates of the regulation of negative affect have focused primarily on correlates of reappraisal (Ochsner, Bunge, Gross, & Gabrieli, 2002) and suppression (Lévesque et al., 2003; Phan et al., 2005) . In general, these studies have implicated a top-down modulation of ventral and limbic structures by dorsal brain regions, such as the dorsolateral prefrontal cortex (DLPFC) and ACC, in the regulation of affect (Ochsner & Gross, 2005; Kalisch, Wiech, Critchley, & Dolan, 2006) . Importantly, previous studies have found similar activations in children compared to adults when examining neural correlates of sad mood and of the use of emotion regulation strategies (Monk, 2008; Durston et al., 2006) .
In addition to dorsal structures, investigators have recently found ventromedial and ventrolateral areas, including the orbitofrontal cortex (OFC; BA 11), superior frontal gyrus (BA 10), the subgenual ACC (BA 25, 32) , and the amygdala to be associated with the generation and regulation of emotional responses (Mauss, Bunge, & Gross, 2007; Phelps & LeDoux, 2005; Quirk & Beer, 2006) . Given these findings, researchers have suggested that different emotion regulatory strategies recruit different brain regions (Ochsner & Gross, 2005) . Importantly, using a design similar to the one utilized in this study with an unselected sample of adults, Cooney et al. (Cooney, Joormann, Atlas, Eugene & Gotlib, 2007) found mood-incongruent recall to be associated with activations in ventrolateral and ventromedial prefrontal cortices, including OFC.
Researchers are now beginning to use functional imaging to examine the neural correlates of specific emotion regulation processes. For example, Johnstone et al. (2007) reported increased activation of bilateral PFC during the reappraisal of negative affect, as well as anomalous connectivity between the ventromedial prefrontal cortex (VMPFC) and amygdala, in depressed compared with healthy control individuals. Similarly, Beauregard and colleagues (Beauregard, Paquette, & Lévesque, 2006) found that activation in BA 10 and the amygdala were associated with greater effort during suppression of sadness in depressed, but not in nondepressed, participants. In both studies, increased involvement of the VMPFC was interpreted as evidence of cortical inefficiency in depressed individuals during the voluntary down-regulation, or decrease, of negative affect. Importantly, it is not known whether cortical inefficiency during affect regulation is a symptom of a depressive episode, a "scar" of a previously experienced depressive episode or, alternatively, whether it is a risk factor that precedes the onset of depression. In this context, it is critical to examine the neural basis of various forms of affect regulation in individuals who are vulnerable to developing MDD but who have no past or current diagnosable emotional disorders.
The present study was designed to examine the neural correlates of both the induction of a sad mood state and the recall of positive autobiographical memories during the experience of a sad mood in girls at high and low risk for depression. Based on findings of studies examining neural correlates of sadness and of emotion regulation in depression, we predicted that, compared to the lowrisk girls, the high-risk girls would exhibit greater activation in limbic areas and in the ventrolateral PFC as they experienced sad mood, and less activation in dorsal areas such as the dorsal ACC and DLPFC as they recalled positive memories following the induction of a sad mood in the service of repairing negative affect.
Method
Participants were 47 girls between the ages of 9 and 14 years with no current psychopathology and no history of any Axis I disorder according to the Diagnostic and Statistical Manual of Mental Disorders, 4th ed. (DSM, American Psychiatric Association, 1994) . We recruited participants in this age group because girls younger than 9 years of age are likely to have difficulties with the task instructions, and because daughters of depressed mothers older than 14 years of age are likely to have experienced a depressive episode themselves (Angold, Costello, & Worthman, 1998) . Twenty-seven girls had biological mothers with no current or past DSM Axis I disorder, and 20 girls had biological mothers with a history of recurrent MDD during their daughter's lifetime. All daughters lived with their biological mother. Participants were recruited through advertisements posted within the local community. A telephone screen established that both mothers and daughters were fluent in English and that daughters were between 9 and 14 years of age. Daughters were excluded if they had experienced severe head trauma, learning disabilities, and/or current or past depression.
Assessment of Psychopathology
Trained interviewers assessed the diagnostic status of daughters by administering the Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime version (K-SADS-PL; Kaufman, Birmaher, Brent, Ryan, & Rao, 2000) separately to the daughters and to their mothers (about the daughters). The K-SADS-PL has been shown to generate reliable and valid child psychiatric diagnoses (Kaufman et al., 1997 (Kaufman et al., , 2000 . A different interviewer administered the Structured Clinical Interview for the DSM-IV (SCID; First, Spitzer, Gibbons, & Williams, 1995) to the mothers. Both K-SADS-PL and SCID interviewers had previous experience administering structured clinical interviews. To assess interrater reliability, an independent rater who was blind to group membership evaluated 30% of our SCID and K-SAD-PL interviews by randomly selecting audiotapes of equal numbers of high-risk and low-risk pairs. In all cases these diagnoses matched those assigned by the original interviewer.
Daughters in the high-risk group (RSK) were eligible to participate in the study if: (a) they did not meet criteria for any past or current DSM Axis-I disorder according to both the parent and child K-SADS-PL; and (b) their mothers met the DSM criteria for at least two distinct episodes of MDD since the birth of their daughters, but did not currently meet criteria for MDD. In addition, mothers in the high-risk group were included only if they had no current diagnosis of any DSM Axis-I disorder, although they could have a past diagnosis. Daughters in the low-risk control group (CTL) were eligible to participate if: (a) they did not meet criteria for any past or current DSM Axis-I disorder based on both the parent and child K-SADS-PL, and (b) their mothers did not meet criteria for any DSM Axis-I disorder during their lifetime.
Questionnaires
Daughters completed the 10-item version of the Children's Depression Inventory (CDI-S; Kovacs, 1992) . Self-report Tanner Staging (Tanner & Whitehouse, 1976 ) was used to assess pubertal status. Daughters also completed mood rating sheets before and after the mood induction. Ratings were made on a 5-point scale consisting of drawn face pictures, ranging from 1 ϭ very sad to 5 ϭ very happy (Taylor & Ingram, 1999) . Finally, the vocabulary section of the verbal subtest of the Wechsler Intelligence Scale for Children-IV (WISC-IV; Wechsler, 2003) was administered to the daughters to ensure that the CTL and RSK groups did not differ in intellectual ability.
Procedure
Mood repair task. To minimize demand effects, participants were not told that this task assesses mood regulation, but were told instead that the task examines their ability to recall personal memories. The girls practiced recalling autobiographical memories outside the scanner to ensure that they understood the task instructions and were able to generate positive memories. In addition, we asked all girls to give a description of the memories they recalled while they were being scanned after the mood repair task was completed. A 1-min baseline scan was conducted while participants focused on a fixation cross. Participants then saw a screen with a text prompt that remained on for one minute asking them to recall a happy, positive memory from a recent event (Positive Recall 1; PR1). They then viewed a sad film clip depicting a young girl dying of cancer (4 minutes). Before watching the film clip, participants were instructed via audiotaped instructions to "get into the feeling" of the movie as intensely as possible and to imagine what they would feel if they were in this situation. After they watched the film clip, participants heard audiotaped instructions asking them to focus on the feelings associated with that event (2 minutes). Participants then saw a screen with a text prompt for one minute asking them to elaborate their sad mood by "really getting Note. CTL ϭ control group; RSK ϭ high-risk group; CDI ϭ Children Depression Inventory; WISC ϭ Wechsler Intelligence Scale for Children; PR 1 ϭ positive recall 1; ME ϭ mood elaboration; PR 2 ϭ positive recall 2. Standard deviations are presented in parentheses.
into the feeling" generated by the sad film clip and instructions (Mood Elaboration; ME). They were then prompted to recall a second autobiographical memory for one minute (Positive Recall 2; PR2). The text prompt remained on the screen for the duration of that scan. Before and after each scan, participants rated their mood. Four separate 1-min scans were collected: Baseline; Positive Recall 1; Mood Elaboration; and Positive Recall 2. Participants then described the events they had recalled in the scanner.
fMRI Data Acquisition and Analysis
Scans were conducted on a 1.5T GE Signa scanner. Functional images were acquired using a T2
‫ء‬ in-/out-spiral pulse sequence (TE ϭ 40 ms, flip ϭ 90; Glover & Law, 2001 ) consisting of 24 4 mm interleaved slices acquired axially (in-plane resolution 3.75 ϫ 3.75 mm, no gap) at a temporal resolution of 2s (2.00 TR). High-resolution structural scans were collected using a T1-weighted spoiled grass (TR ϭ 100 ms; TE ϭ 7 ms, flip ϭ 90) sequence.
All preprocessing and analyses were performed with Analysis of Functional Neuro Images (AFNI; Cox, 1996) . Voxel time series data were concatenated, slice time corrected, and corrected for motion, excluding participants who moved more than 1.5 mm. Data were spatially smoothed with a 4 mm Gaussian smoothing kernel, and high-pass filtered. Prior to analysis, functional images were coregistered to anatomical images. The preprocessed time series data for each participant were analyzed with multiple regression. Four contrast vectors were created: ME versus baseline, PR1 versus baseline, PR1 versus PR2, and PR2 versus baseline. . A final corrected cluster threshold of p Ͻ .05 with a cluster minimum of 6 voxels was applied to whole-brain contrasts. Because of the large number of activation points generated by this same thresholding for the within-group comparisons, we present the activations for these contrasts at an uncorrected threshold of p Ͻ .001 with a cluster minimum of 5 voxels.
Results

Participant Characteristics, Mood Ratings, and Ratings of Memories
The RSK and CTL groups did not significantly differ in age, ethnicity, intellectual ability, pubertal development, or level of depressive symptoms (see Table 1 ). The transcribed recordings of each participant's memories were rated by two independent raters on a 10-point scale (1 ϭ not at all happy to 10 ϭ extremely happy) with respect to how happy the recalled event would be for an average person. Because of random technical difficulties with the recordings, data are missing for participants in both groups (CTL: 44%; RSK: 40%); there were no group differences in the proportion of participants for whom recordings of their memories are missing. The interrater agreement was r ϭ .89 for the first memory and r ϭ .87 for the second memory. The two memories recalled by the participants did not differ in their average happiness ratings (CTL: M ϭ 6.60, SD ϭ 2.56; M ϭ 7.29, SD ϭ 1.27, t(13) ϭ 1.28, p Ͼ .05; RSK: M ϭ 7.00, SD ϭ 2.36, M ϭ 7.17, SD ϭ 1.80, t(11) Ͻ 1). The groups did not differ in the positivity of the memories recalled at Time 1 or Time 2, all ts(25) Ͻ 1. A two-way (Group: CTL, RSK; Time: Baseline, PR1, ME, PR2) repeatedmeasures analysis of variance (ANOVA) conducted on the mood ratings yielded a significant main effect for time, F(3, 75) ϭ 29.78, p Ͻ .01 but no significant main effect of group, F(1, 25) Ͻ 1, or interaction of group and time, F(3, 75) Ͻ 1. Follow-up paired t tests indicate that participants' mood ratings decreased significantly after the negative mood induction, t(42) ϭ 5.91, p Ͻ .01, and increased again after recalling the second positive autobiographical memory, t(27) ϭ 7.58, p Ͻ .01, indicating that the sad mood induction was successful for both the CTL and RSK groups and that recalling positive memories improved participants' mood state.
Within-Group fMRI Contrasts
Sad mood elaboration. To identify brain regions involved in the generation and elaboration of the sad mood induced by the film clip, we contrasted the ME scan with the initial baseline scan. Table 2 presents regions activated during this contrast in the CTL group and Table 3 presents regions activated in the RSK group. Importantly, while activations were present in both groups in the amygdala, the CTL girls also showed extensive activation in middle frontal gyrus (MFG; BA 9), dorsal ACC (BA 32), ACC (BA 24), and putamen. The RSK girls showed additional activation in inferior frontal gyrus (IFG; BA 47), fusiform gyrus, subcallosal (BA 47) and subgenual cingulate gyrus (BA 25).
Automatic mood regulation.
We examined two specific contrasts designed to assess the neural substrates associated with the use of mood-incongruent recall to repair a sad mood. The first contrast (PR2 vs. baseline) was designed to yield activations associated with recall of positive autobiographical memories following a sad mood induction. This contrast yielded activations in DLPFC (BA 9), dorsal ACC (BA 24,32), ITG (BA 20), putamen and caudate in the CTL girls, and in amygdala and fusiform gyrus (FFG) in the RSK girls. While important, this contrast cannot differentiate activation associated generally with the recall of positive autobiographical memories from activation associated specifically with mood-incongruent recall. Therefore, the second contrast (PR2 vs. PR1) was designed to identify neural activations that are unique to the Tables 2 and 3 . Both the CTL and RSK groups showed activation in caudate. In addition, the CTL girls showed activations in parts of the dorsal ACC (BA 24, 32), the DLPFC, and the IFG (BA 47); in contrast, the RSK girls exhibited extensive additional activations in medial temporal gyrus (BA 21).
Between-Group Comparisons
Sad mood elaboration. Table 4 presents regions that were differentially activated in RSK versus CTL girls during the mood elaboration scan (see also Figure 1 ). Compared to the RSK girls, CTL girls showed greater activations in occipital regions implicated in visualizing remembered events, including the right lingual gyrus (LG) and the left FFG (e.g., Burgess, Maguire, Spiers, O'Keefe, 2001; Maguire, Frackowiak, & Frith, 1997) , as well as in regions involved in self-referential processing and autobiographical recall, such as the cuenus and precuneus (e.g., Lou et al., 2004) . In contrast, the RSK girls showed increased activation in regions frequently associated with the experience of negative affect, including the left ventrolateral PFC (IFG; BA 47).
Automatic mood regulation. The first contrast (PR2 vs. baseline) yielded greater activation in RSK than in CTL girls in the OFC (MFG; BA 11) and in parahippocampus/amygdala (see Figure 2) . In contrast, CTL girls exhibited greater activation than did RSK girls in dorsal areas frequently associated with voluntary emotion regulation, such as dorsal ACC. Again, while important, this contrast cannot differentiate activation associated generally with the recall of positive autobiographical memories from activation associated specifically with mood-incongruent recall. Therefore, the second contrast (PR2 vs. PR1) was designed to identify neural activations that are unique to the recall of moodincongruent positive autobiographical memory (i.e., activations that are differentially active during recall of a positive memory in a sad mood state). Areas of activation that differentiated the CTL and RSK girls during this contrast are listed in Table 4 and depicted in Figure 3 . Most strikingly, the RSK girls continued to show greater activation in the OFC/MFG than did the CTL girls, who continued to show increased activation in the dorsal ACC, and activation within the superior frontal gyrus (SFG), lingual gyrus (LG), cuneus (CU), precuneus, and caudate.
ROI Analysis
Region of interest (ROI) analysis was conducted by extracting percent signal change (PSC) from predefined AFNI masks for three regions: right amygdala, right OFC, and dACC (BA 32). These regions were examined because each yielded significant between-groups differences in our whole-brain analysis and each has been implicated in either the experience or the regulation of negative affect. Because we were interested in identifying how PSC changed across the various contrasts in each of these regions, we also included the initial positive recall contrast (PR1vB1) in addition to the three primary contrasts of interest.
We extracted PSC from our three ROIs [right amygdala, right OFC, and bilateral dACC (BA 32)] and analyzed these data with two-way (Group: CTL, RSK; Contrast: PR1vB1, MEvB1, PR2vB1, and PR2vPR1) repeated measures ANOVAs. We found no significant group differences for the right OFC and bilateral dACC (BA 32) ROIs, F(3, 45) ϭ .92, p Ͼ .05 and F(3, 42) ϭ .12, p Ͼ .05, respectively. For the right amygdala ROI, we found significant main effects for group, F(3, 45) ϭ 4.9, p Ͻ .03, and contrast, F(3, 45) ϭ 3.6, p Ͻ .02, that were qualified by a significant interaction of group and contrast. F(3, 45) ϭ 4.7, p Ͻ .01 (see Figure 4) . Follow-up tests indicated that the CTL and RSK girls did not differ with respect to PSC in the right amygdala ROI in the initial contrast (PR1vB1), t(45) ϭ Ϫ.56, p Ͼ .05, but did differ significantly in the other three contrasts (MEvB1, t(45) ϭ Ϫ2.0, p Ͻ .05; PR2vB1, t(45) ϭ Ϫ2.3, p Ͻ .03; and PR2vPR1, t(45) ϭ Ϫ2.3, p Ͻ .02). For all of these contrasts, the RSK girls exhibited greater activation in right amygdala than did the CTL girls.
Discussion
Despite a growing literature demonstrating that offspring of depressed mothers are at elevated risk for developing a depressive episode, we know relatively little about the factors and mechanisms that underlie this heightened risk. In this study we compared neural aspects of the instantiation of sad mood and of the use of mood-incongruent autobiographical recall to repair that mood in carefully diagnosed never-disordered daughters of mothers with recurrent depression and never-disordered daughters of neverdisordered mothers. Consistent with the results of previous behavioral studies investigating this mood regulation process in adults (Joormann & Siemer, 2004; Joormann et al., 2007) , viewing a sad film clip and being instructed to elaborate the resultant sad mood significantly worsened participants' mood state; subsequently recalling a positive autobiographical memory significantly improved their sad mood.
We also found that the induction and elaboration of a sad mood state were associated with increased neural response in the amygdala, ventrolateral PFC, and subgenual ACC, regions that have been found to be active during the experience of sadness in studies using a variety of experimental paradigms to induce affect (Phan et al., 2002; Lévesque et al., 2003) . These results indicate both that we successfully induced a sad mood state in participants and that this experience activated the same regions that have been identified in previous studies examining the neural correlates of sadness. Indeed, previous studies have documented similar activations in response to a sad mood induction in children and adults (Lévesque et al., 2003; Monk, 2008) . In addition, instructions to repair the mood state using positive autobiographical memories led to activations in areas frequently associated with the top-down regulation of emotional states, including DLPFC and dorsal ACC (Goldin et al., 2008; Phan et al., 2005; Ochsner & Gross, 2005) .
Again, previous studies have found similar activations in children compared to adults when using emotion regulation strategies (Monk, 2008; Durston et al., 2006) Previous studies, however, have also reported more extensive activation in multiple structures of the PFC in children than in adults. Indeed, when comparing our findings to neural correlates of mood-incongruent recall obtained in a study with female adult participants (Cooney et al., 2007) , activations in prefrontal cortex in the adult participants were more defined and limited primarily to ventromedial and ventrolateral PFC. These results replicate findings of studies that activation decreased with age in DLPFC and became more focal in the ventral PFC during a cognitive control task (Durston et al., 2006) and that children showed more extensive activation in PFC in a task that involved self-regulation of sadness (Lévesque et al., 2003; Lévesque et al., 2004) .
The primary goal of this study, however, was to extend this body of research by comparing girls at high and low risk for depression. We had predicted, that compared to the low-risk girls, the high-risk girls would exhibit greater activation in limbic areas and in the ventrolateral PFC as they experienced sad mood, and less activation in dorsal areas such as the dorsal ACC and DLPFC as they recalled positive memories following the induction of a sad mood in the service of repairing negative affect. We found group differences during both mood induction and automatic mood regulation. During the mood induction scan, compared with their high-risk counterparts, the low-risk girls showed greater activation in areas frequently associated with visualization and in areas associated with autobiographical recall and self-referential processing. In contrast, the high-risk girls showed greater activation in areas frequently associated with the experience of sadness, in particular, in the ventrolateral PFC. These findings suggest that the CTL girls were more cognitively engaged with the task than were the RSK girls, possibly by trying to imagine themselves in the situation depicted in the film and trying to remember similar events from their lives. The RSK girls, however, responded with stronger activation of regions involved in the experience of sadness and with more focal ventrolateral PFC activation.
During automatic mood regulation, the RSK girls exhibited greater activation in OFC (MFG; BA 11) and the parahippocampus/amygdala complex, whereas the CTL girls exhibited greater activation in areas commonly associated with efforts to repair negative affect, such as dACC and DLPFC (BAs 32 and 9, respectively; Goldin et al., 2008; Mauss, Bunge, & Gross, 2007) . These findings suggest that RSK girls had difficulties recruiting dorsal areas of the prefrontal cortex to decrease limbic activation in the service of repairing negative affect and, therefore, resulting in the observed sustained activation of the amygdala. Indeed, the ROI analysis yielded no group difference in right amygdala activation at baseline, but greater amygdala activation following the mood induction and following the mood regulation task in the RSK than in the CTL girls. These results are consistent with Johnstone et al.'s (2007) findings of changes in cortical involvement in depressed individuals during the voluntary down-regulation of negative affect. Importantly, in the present study these differences in neural processing were obtained in never-disordered girls with no past or current psychopathology who are at high risk for depression due to their mother's history of depressive episodes. These findings suggest, therefore, that changes in cortical involvement during automatic mood regulation are a trait marker of depression that is present in high-risk individuals before they experience their first depressive episode. These changes may lead to increased reactivity to negative life events or stressors (Gotlib, Joormann, Minor, & Hallmayer, 2008) and to difficulties regulating the resultant negative affect, a process that may be an important risk factor for depression.
In this study we examined automatic emotion regulation in girls at high risk for depression using a task with high ecological validity, requiring girls to recall complex emotional experiences from their own lives. The girls were not instructed to regulate affect, they were only instructed to recall moodincongruent memories. Previous studies have shown that such recall repairs negative affect (Joormann & Siemer, 2004; Josephson et al., 1996) . Designs that do not explicitly instruct participants to regulate affect are not as susceptible to demand effects as are tasks that ask people to use a specific strategy. Certainly, a number of diverse cognitive and emotional processes are engaged in this recall, which limits our ability to compare findings from this study directly to results of fMRI studies that have used generic stimuli and more tightly controlled experimental designs. Thus, it is possible that there is variation in the strategies people used both during the mood elaboration and during the mood regulation phase. In addition, we found no group differences for the behavioral variables, that is, self-reported mood ratings and ratings of recalled memories. In previous behavioral studies using a similar mood regulation task, no differences were found in ratings of recalled memories among depressed, formerly depressed and nondepressed adult participants (Joormann & Siemer, 2004; Joormann et al., 2007) . In these studies, this finding was interpreted as suggesting that although all participants recalled equivalently positive memories, remembering these events does not repair negative affect in depressed individuals. Previous studies, however, did find group differences in self-reported affect as a function of recalling positive memories. It is possible that the lack of behavioral findings in the current study is due either to lower power given some missing data for these variables or to a lack of sensitivity of our mood measure to detect group differences in mood in children. We should point out, however, that when collapsing data across groups, mood ratings decreased after the mood elaboration and increased after the positive recall. It is also possible that the fMRI data are more sensitive, and that risk status in the absence of current or past psychopathology is not associated with behavioral group differences. Future studies are needed to examine this possibility more explicitly. In addition, the cross-sectional design of this study does not allow us to examine predictors of the onset of depression. Longitudinal follow-up studies are needed to determine whether the differences between low-risk and high-risk participants reported in this study predict which daughters will go on to develop a depressive episode. Finally, although our findings indicate that daughters of mothers with a history of depression differ from their low-risk counterparts in patterns of neural activation during mood-incongruent recall, the mechanisms underlying these group differences remain to be elucidated. The responses that enable young children to modulate emotions emerge within a complex interaction of psychosocial and biological factors (e.g., Goldsmith & Davidson, 2004) . Recent studies have focused on examining genetic factors, but more research is needed examining learning processes, interactions between children and their caregivers, and the effects of these factors on depression, emotion regulation, and in the intergenerational transmission of risk for psychopathology.
Successful affect regulation is critical to maintaining both physical and mental health. This study reports differences in neural correlates of the experience of negative affect and of automatic emotion regulation between low-risk and high-risk girls, none of whom have (yet) experienced an episode of depression or any other DSM Axis-I disorder. The findings of this study suggest that sustained amygdala activation and reduced cortical involvement when repairing negative affect are not simply symptoms of depression, but instead, may be trait markers of vulnerability to this disorder. Future studies are needed to examine whether these differences between low-and high-risk girls in neural correlates of affect regulation predict the onset of a first episode of depression.
